mutagenesis in Escherichia coli by inhibition of misrepair in DNA. If this hypothesis is applied to other antimutagens, antipain [(l-carboxy-2-phenylethyl) carbamoyl-L-arginyl-L-valyl-arginal] (Fig. 1 ) may also inhibit chemical carcinogenesis, since antipain has been reported to be antimutagenic to mutagenesis in E. coli by UV (Meyn et al., 1977) and by 4NQO (Ichikawa-Ryo & Kondo, 1980) . This paper deals with the effects of after-treatment with antipain on lung neoplasia induced by urethane in mice.
Young adult female ICR/Jcl mice (25 days old and weighing 14-16 g) (Nomura, 1974) were given a single s.c. injection of urethane (ethyl carbamate, 1-0 mg/g body wt) and then subjected to 11 i.p. injections of antipain (100 ,g/g body wt for each) at 12h intervals from 0 to 120 h or 240 to 360 h after urethane treatment. A control group received an equal volume of Accepted 9 July 1980 distilled water during the period 0-120 h after urethane treatment. Urethane (Wako Pure Chemical Ind. Ltd, Osaka, Japan) and antipain (obtained under the Research Resources Programme for Cancer Research of the Japanese Ministry of Education, Science and Culture) were dissolved in distilled water to the concentration of 10% and 1% respectively. Both chemicals were prepared just before use. The dose of antipain was close to a maximum tolerated dose for 25-day-old ICR/Jcl mice, and was given at 12h intervals for 5 days in order to maintain a nearly equal level of antipain in the tissue during the aftertreatment period. The treatment with antipain neither increased mortality nor decreased the body wt of the mice pretreated with urethane (data not shown). Mice were maintained on the mouse diet CA-1 (Nomura, 1974) and tap water in a conventional mouse room at 23-25°C, and killed at 5 months after urethane treatment. Gross pathological lesions, especially lung tumours, were examined as described previously (Nomura & Okamoto, 1972) . The specimens were examined microscopically after staining with haematoxylin and eosin. Most lung tumours were papillary adenomas. Lungtumour frequencies, defined as the average numbers of tumour nodules per lung, were compared statistically among the experimental groups, since the frequency thus (Nomura, 1978) . Table I summarizes the results. The lung tumour yields induced by urethane were significantly reduced by after-treatment with antipain. The extent of inhibition was about 40% whether the antipain was given for 5 days immediately or 10 days after urethane treatment. The long antipain-sensitive period for tumour suppression will not, however, invalidate the hypothesis that antipain may inhibit the initial process of lung tumorigenesis by inhibiting misrepair of urethane-induced DNA damage, because the pattern of the antineoplastic action of antipain is similar to that of caffeine (Table II) . Nomura (1976 Nomura ( , 1978 Nomura ( , 1980 (Nomura, 1978 (Nomura, , 1980 (Meyn et al., 1977; Ichikawa-Ryo & Kondo, 1980) . Further, they reported that transformation induced by 3-methylcholanthrene (MCA) is diminished only when antipain is applied for the very long period of 4 weeks, starting 1 week after MCA treatment. Consequently, it is uncertain whether antipain suppresses urethane-induced tumorigenesis by its inhibiting action on misrepair of urethaneinduced DNA damage. It may block the promotion of the preneoplastic state of cells initiated by urethane, as the protease inhibitors leupeptin and tosyl lysine chloromethyl ketone inhibit the promotion of cancer in the mouse skin after 7,12-dimethylbenz(a)anthracene (Troll et al., 1970; Hozumi et al., 1972) even though leupeptin does not seem to inhibit urethane-induced lung tumours (Matsushima et al., 1976) .
